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A s d Scr Pbe O 1 y 
3 85 

Val Arg Ala Ala 



Val Scr Mot Pro 
420 

Val Gly Gin Lyt 
43 5 



Asp His Arg lie 
3 9 0 

Gly Glo Leo Leo 
40 5 

O 1 tt Phe Arg Asp 



Asp Ala Lys Asn 
440 



Ala Met Ser Leo 
3 9 5 

lie Asp Asp Gly 
4 1 0 



Pbe Ala Ala Ala 
425 



Cys His Asp 



Ala Val Ala Gly 
40 0 

Ala Val Ala Ala 
4 1 5 

lie Gly Me t Asn 
43 0 



We claim: 

1. An isolated DNA molecule which encodes an EPSPS 
enzyme having the sequence of SEQ ID N03. 

2. A DNA molecule of claim 1 having the sequence of 
SEQIDNO:2. 

3. A DNA molecule of claim 1 having the sequence of 
SEQ ID NO:9. 

4. A recombinant, double-stranded DNA molecule com- 
prising in sequence: 

a) a promoter which functions in plant cells to cause the 
production of an KNA sequence; 

b) a structural DNA sequence that causes the production 
of an RNA sequence which encodes a EPSPS enzyme 
having the sequence domains: 
-R-X r H-X2-EKSEQ ID N037), in which 

X x is G, S, T, C, Y, N, Q, D orE; 

Xsis S or T; and 
-G-D-K-X 3 -(SEQ ID N038), in which 

X3isSorT;and 
-S-A-Q-X*-K-(SEQ ID N039), in which 

X^s A, R, N, D, C, Q, E, G, H, I, L, K, M, F, P, S, 
T,W,YorV;and 
-N-X5-T-R-(SEQ ID NO:40), in which 

Xj is A, R, N, D, C Q, E, G, H» I, L, K, M, F, P, S, 
T, W, Y or V; and 

c) a 3' non-translated region which functions in plant cells 
to cause the addition of a stretch of polyadenyl nucle- 
otides to the 3* end of the RNA sequence; 

where the promoter is heterologous with respect to the 
structural DNA sequence and adapted to cause sufficient 
expression of the encoded EPSPS enzyme to enhance the 
glyphosate tolerance of a plant cell transformed with the 
DNA molecule. 

5. A DNA molecule of claim 4 in which the structural 
DNA sequence encodes a fusion polypeptide comprising an 
ammo4eiminal chloroplast transit peptide and the EPSPS 
enzyme. 

6. A DNA molecule of claim 4 in which X x is D orN; 

is S orT, X 3 is S orT; X4 is V, I or L; and Xj is P or Q. 

7. A DNA molecule of claim 6 in which the structural 
DNA sequence encodes an EPSPS enzyme selected from the 
group consisting of SEQ ID N02, SEQ ID N0:4, SEQ ID 
NO:6, SEQ ID NO:41 and SEQ ID NO:43. 

8. A DNA molecule of claim 5 in which X A isDorN;^ 
is S or T; X3 is S orT; X* is V, I or L; and Xg is P or Q. 

9. A DNA molecule of claim 8 in which the structural 
DNA sequence encodes an EPSPS enzyme selected from the 
group consisting of SEQ ID N02, SEQ ID N0:4, SEQ ID 
NO:6, SEQ ID NO:41 and SEQ ID NO:43. 

10. A DNA molecule of claim 8 in which the EPSPS 
sequence is SEQ ID N03. 



11. A DNA molecule of claim 10 in which the promoter 
is a plant DNA virus promoter. 

12. A DNA molecule of claim U in which the promoter 
is selected from the group consisting of CaMV35S and 
FMV35S promoters. 

13. A DNA molecule of claim 10 in which the stnictural 
DNA sequence encodes a chloroplast transit peptide selected 
from the group consisting of SEQ ID NO: 11 and SEQ ID 
NO: 15. 

14. A DNA molecule of claim 13 in which the 3' non- 
translated region is selected from the group consisting of the 
NOS 3' and the E9 3' non-translated regions. 

15. A method of producing genetically transformed plants 
which are tolerant toward glyphosate herbicide, comprising 
the steps of: 

a) inserting into the genome of a plant cell a recombinant, 
double-stranded DNA molecule comprising: 

i) a promoter which functions in plant cells to cause the 
production of an RNA sequence, 

ii) a structural DNA sequence that causes the produc- 
tion of an RNA sequence which encodes an EPSPS 
enzyme having the sequence domains: 
-R-XiH-Xa-E-CSEQ ID N037), in which 

X 2 is G, S, T, C, Y, N, Q, D or E; 
X^SorTjand 
-G-D-K-X 3 -(SEQ ID N038), in which 

X,isSorTtand 
-S-A-Q-X*-K-{SEQ ID N039), in which 

X4 is A, R, N, D, C Q, B, G, H, I, L, K, M, F, P, 
S,T,W,YorV;and 
-N-X5-T-R-(SEQ ID NO:40), in which 

Xj is A, R, N, D, C, Q, E, G, H, I, L, K, M, F, P, 
S^W^Yor^and 
hi) a 3' non-translated DNA sequence which functions 
in plant cells to cause the addition of a stretch of 
polyadenyl nucleotides to the 3' end of the RNA 
sequence; 

where the promoter is heterologous with respect to the 
structural DNA sequence and adapted to cause sufficient 
expression of the polypeptide to enhance the glyphosate 
tolerance of a plant cell transformed with the DNA mol- 
ecule; 

b) obtaining a transformed plant cell; and 

c) regenerating from the transformed plant cell a geneti- 
cally transformed plant which has increased tolerance 
to glyphosate herbicide. 

16. A method of claim 15 in which X t is D or N; X 2 is S 
or T; X 3 is S or T, X4 is V, I or L; and Xj is P or Q. 

17. A method of claim 16 in which the structural DNA 
sequence encodes an EPSPS enzyme selected from the 
group consisting of SEQ ID N02, SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:41 and SEQ ID NO:43. 
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18. A method of claim 15 in which the structural DNA where the promoter is heterologous with respect to the 

sequence encodes a fusion polypeptide comprising an structural DNA sequence and adapted to cause sufficient 

ammo-terminal chloroplast transit peptide and the EPSPS expression of the EPSPS enzyme to enhance the glyphosate 

enzyme. tolerance of the crop plant transformed with the DNA 

^.AmethodcrfdaimlSmwhichX^DorN^isS 5 molecule; and 

arT,X 3 isSorT,X 4 is V, I or L; and X* is P or Q. b) applying to the crop and weeds in the field a sufficient 

20. A method of claim 19 in which the structural DNA * gfVP^ ^rbicide to control the weeds 
sequence encodes an EPSPS enzyme selected from the 

group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID 33 Ametood of claim 32 m which X, is D or N; X, is S 

NO:6, SEQ ID NO:42id SEQ ID NO:44. 10 OT £ ^ ! S V J ?h??2> P J* £™ A 

2L Amediod of claim 19 hTwhich the EPSPS enzyme is J^™ 1 ^* te 1 a £5*£ ^ 

that set forth in <5FO TD KO ^ sequence encodes an EPSPS enzyme selected from the 

FMV35S promoters ainino-terminal chloroplast transit peptide and the EPSPS 

24. A ^yphosate-tolerant plant cell comprising a DNA enz > m e- ^ T __ . _ 
molecule of daims 5. 8 or 10. £ $om 35 in which X, is D or N; X, is S 

25. A glyphosate-tolerant plant ceU of daim 24 m which M OT £^ "12% " V J^^^l!^S^ A 
the r^nSteVis aplant DNA virus promoter. 20 37. A method of clam 36 in which the structural DNA 

26. A glyphosate-tolerant plant cell of claim 25 in which sequence encod ^J n . *?*PS enzyine selected from the 
the promoter is selected from the group cons^ of 

CaMV35SandFMV35Smx)moters. ID NO:6, SEQ ID NO:41 and SEQ ID NO:43. 

27. A glyphosate-tolerant plant cell of claim 24 selected ^ A 1DS ^ od of 36 m which the DNA molecule 
from the group consisting of corn, wheat, rice, barley, 25 encodes 311 EPSPS enzyme as set forth in SEQ ID NO 3. 
soybean, cotton, sugarbeet, oilseed rape, canola, flax, 39. A method of claim 38 in which the DNA molecule 
sunflower, potato, tobacco, tomato, alfalfa, poplar, pine, further comprises a promoter selected from the group con- 
eukalyptus, apple, lettuce, peas, lentils, grape and turf sisting of the CAMV35S and FMV35S promoters, 
grasses. 40. A method of claim 39 in which the crop plant is 

28. A glyphosate-tolerate plant comprising plant cells of 30 selected from the group consisting of corn, wheat, rice, 
claim 27. barley, soybean, cotton, sugarbeet, oilseed rape, canola, flax, 

29. A glyphosate-tolerant plant of claim 28 in which the sunflower, potato, tobacco, tomato, alfalfa, poplar, pine, 
promoter is from a DNA plant virus promoter. eukalyptus, apple, lettuce, peas, lentils, grape and turf 

30. A glyphosate-tolerant plant of claim 29 in which the grasses. 

promoter is selected from the group consisting of CaMV35S 3 5 4L A DNA molecule of claim 5 in which the structural 

and FMV35S promotes. DNA sequence encodes a chloroplast transit peptide selected 

31. A glyphosa^tolerant plant of claim 30 selected from fro m the group consisting of SEQ ID NO:ll, SEQ ID 
the group consistmg of corn, wheat, nee, barley, soybean, NO: 13, SEQ ID NO: 15 and SEQ ID NO:17. 

couon, sugarbeet, oilseed rape, canola, flax, sunflower, 4Z A DNA molecule of claim41 in which the chloroplast 

^il^™^ 40 trails* peptide is encc<^ 

* JK2« Se^tlK a field ^J^^^^^ m1 ^ 

containing a crop having pknted crcpT seeds or plants SE Q ^= 14 SEQ H> NO: 16. 

comprising tjj e ^ 43. A DNA molecule of claim 5 m which the structural 

a) planting the crop seeds or plants which are glyphosate- £* A ^ uence encodes a cMoroplast transit peptide selected 

tolerant as a result of a recombinant double^stranded 45 fr°m the group consistmg of SEQ ID NO:ll and SEQ ID 

DNA molecule being inserted into the crop seed or NO:15. 

plant the DNA molecule having: 44. A DNA molecule of claim 43 in which the chloroplast 

i) a promoter which functions in plant cells to cause die transit peptide is encoded by a DNA sequence selected from 
production of an RNA sequence, the group consisting of SEQ ID NO:10 and SEQ ID NO:14. 

ii) a structural DNA sequence that causes the produc- so 45. A DNA molecule of claim 41 in which the promoter 
tion of an RNA sequence which encodes an EPSPS is selected from die group consisting of CaMV 35S and 
enzyme having the sequence domains: FMV 35S promoters. 

-R-X r H-X2-Er(SEQ ID NOS7), in which 46. A DNA molecule of claim 42 in which the promoter 

X x is G, S, T, C, Y, N, Q, D or E; is selected from the group consisting of CaMV 35S and 

Xj is S orT; and 55 FMV 35S promoters. 

-G-D-KOC^SEQ ID NO:38), in which 47. A DNA molecule of claim 43 in which the promoter 

X 3 is S or T; and is selected from the group consisting of CaMV 35S and 

-S-A-QOQ-KKSEQ ID N039), in which FMV 35S promoters. 

X4isA,R,N,D,C,Q,E,G,H,I,L,K,M,F,P, 48. A DNA molecule of claim 44 in which the promoter 

S, T, W, Y or V; and 60 is selected from the group consisting of CaMV 35S and 

-N-X^-T-R-CSEQ ID NO:40), in which FMV 35S promoters. 

Xj is A, R, N, D, C, Q, E, G, H, I, L, K, M, F, P, 49. A DNA molecule of claim 45 in which the 3' non- 

S, T, W, Y or V; and translated region is selected from the group consisting of the 

in) a 3' non-translated DNA sequence which functions NOS 3' and the E9 3' non-translated regions, 

in plant cells to cause the addition of a stretch of 65 50. A DNA molecule of claim 46 in which the 3' non- 

polyadenyl nucleotides to the 3' end of the RNA translated region is selected from the group consisting of the 

sequence NOS 3' and the E9 3' non-translated regions. 
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51. A DNA molecule of claim 47 in which the 3' non- (a) the promoter is selected from the group consisting of 
translated region is selected from the group consisting of the CaMV 35S and FMV 35S promoters; 

NOS 3' and the E9 3' non-translated regions. (b) the structural DNA sequence encodes: 

52. A DNA molecule of claim 48 in which the 3' non- (i) a chloroplast transit peptide selected from the group 
translated region is selected from the group consisting of the s consisting of SEQ ID NO: 11, SEQ ID NO: 13, SEQ 
NOS 3' and the E9 J non-translated regions. ID NO:15 and SEQ ID NO:17; and 

53. A DNA molecule of claim 49 in which the structural (ti) an EPSPS enzyme selected from the group consist- 
DNA sequence encodes an EPSPS enzyme selected from the ing of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, 
group consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID SEQ ID NO:42 and SEQ ID NO:44; and 

NO:7, SEQ ID NO:42 and SEQ ID NO:44. 10 (c) the 3' non-translated region is selected from the group 

54. A DNA molecule of claim 50 in which the structural consisting of the NOS 3' and the E9 3' non-translated 
DNA sequence encodes an EPSPS enzyme selected from the regions. 

group consisting of SEQ ID NOS, SEQ ID N05 , SEQ ID 70. A gryphosate-tolerant plant cell of claim 69 in which 

NO:7, SEQ ID NO:42 and SEQ ID NO:44. the structural DNA sequence comprises: 

55. A DNA molecule of claim 51 in which the structural 15 (a) a chloroplast transit peptide encoding DNA sequence 
DNA sequence encodes an EPSPS enzyme selected from the selected from the group consisting of SEQ ID NO: 10, 
group consisting of SEQ ID NOS, SEQ ID NOS, SEQ ID SEQ ID NO:12, SEQ ID NO:14 and SEQ ID NO:16; 
NO:7, SEQ ID NO:42 and SEQ ID NO:44. and 

56. A DNA molecule of claim 52 in which the structural (b) an EPSPS encoding sequence selected from the group 
DNA sequence encodes an EPSPS enzyme selected from the 20 consisting of SEQ ID N02, SEQ ID NO:4, SEQ ID 
group consisting of SEQ ID NOS, SEQ ID N03, SEQ ID N0: 6, SEQ ID NO:41 and SEQ ID NO:43. 

NO:7, SEQ ID NO:42 and SEQ ID NO:44. 71. a gryphosate-tolerant plant cell of claim 69 in which 

57. A DNA molecule of claim 53 in which the structural the structural DNA sequence comprises: 

DNA sequence contains an EPSPS encoding sequence (a) a chloroplast transit peptide encoding DNA sequence 

selected from the group consisting of SEQ ID N02, SEQ ID 25 selected from the group consisting of SEQ ID NO:10 

NO:4, SEQ ID NO:6, SEQ ID NO:41 and SEQ ID NO:43. md SEQ m 

58. A DNA molecule of claim** in which the structural ^ a DNA sequence encoding an EPSPS enzyme having 
DNA sequence contains an EPSPS encoding sequence ^ sequenC e G f §EQ ID NOS 
^T^^J^^^^^^^n^^ » 72. A gtyphosale-tolerant plant odl of claim 71 in which 

c«'f?Srf N °*', SB £? ^^-^l^ 43 ; 30 &e struck DNA sequence comprises an EPSPS encoding 

59. ADNAmolecute <*damS5in which the structural uence selected ^ ff ^Tconsistizg of SEQ ID 
DNA sequence contains an EPSPS encoding sequence NO'2 and SEQ ID NO:9 

*n a Tv£ta i i * i • «T- JIjI i trom S^P consisting of corn, wheat, nee, barley, 

60. A DNA molecule of claim!* m which the structural 35 £J sugarbeet, oilseed rape, canola, flai, 

^J^ UeD ^ ™J^^Z^^~£ sunflower, potato, tobacco, tomato, alfetfa, poplar, pine, 

selected from the group consisting of SEQ ID N02, SEQ ID eulrMyptus, %ple, lettuce, peas, lentils, grat* and turf 

NO:4, SEQ ID NO:6, SEQ ID NO:41 and SEQ ID NO:43. passes 

61 A DNA molecule of claim49in which the structural 74 A gtyphosate-to^ plant comprising a DNA mol- 

^f^ en J^ / an enz y mc havin g 40 ecule of claims 5, 8 or 10 in which: 

sequence of SEQ ID N03. , ' . , . ^ . ^ , 

62. A DNA molecule of claim 50 in which the structural W J^E?^ " conBitag ° f 
DNA sequence encodes an EPSPS enzyme having the ^, C f MV 35S ^J^™ 35S prom ° te ^ ; 

sequence of SEQ ID NOS. structural DNA sequence encodes: 

63. A DNA molecule of claim 51 in which the structural 45 (i) a cMcroplast transit peptide selected fxomthe group 
DNA sequence encodes an EPSPS enzyme having the consisting of SEQ ID NOll SEQ ID NO: 13, SEQ 
sequenceofSEQIDNOS. ID NO:15 and SEQ ID NO: 17; and 

64. A DNA molecule of claim 52 in which the structural (ii) an EPSPS enzyme selected from the group consist- 

DNA sequence encodes an EPSPS enzyme having the ^IPSE^'JSR *° N °?; ^ m NO:? ' 

sequence of SEQ ID NOS. 50 SEQ ID NO-42 and SEQ ID NO:44; and 

65. A DNA molecule of claim 61 in which the structural ( c ) me3 ' non-translated region is selected from the group 
DNA sequence contains an EPSPS encoding sequence consisting of the NOS 3' and the E9 3' non-translated 
selected from the group consisting of SEQ ID N02 and regions. 

SEQ ID NO:9. 75 - A gryphosate-tolerant plant of claim 74 in which the 

66. A DNA molecule of claim 62 in which the structural 55 structural DNA sequence comprises: 

DNA sequence contains an EPSPS encoding sequence (a) a chloroplast transit peptide encoding DNA sequence 

selected from the group consisting of SEQ ID N02 and selected from the group consisting of SEQ ID NO: 10, 

SEQ ID NO:9. SEQ ID NO: 12, SEQ ID NO:14 and SEQ ID NO: 16; 

67. A DNA molecule of claim 63 in which the structural and 

DNA sequence contains an EPSPS encoding sequence 60 (b) an EPSPS encoding sequence selected from the group 

selected from the group consisting of SEQ ID N02 and consisting of SEQ ID NOS, SEQ ID NO:4, SEQ ID 

SEQ ID NO:9. NO:6, SEQ ID NO:41 and SEQ ID NO:43. 

68. A DNA molecule of claim 64 in which the structural 76. A glyphosate-tolerant plant of claim 75 in which the 
DNA sequence contains an EPSPS encoding sequence structural DNA sequence comprises: 

selected from the group consisting of SEQ ID NOS and 65 (a) a chloroplast transit peptide encoding DNA sequence 

SEQ ID NO:9. selected from the group consisting of SEQ ID NO:10 

69. A gryphosate-tolerant plant cell of claim 25 in which: and SEQ ID NO:14; and 
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(b) a DNA sequence encoding an EPSPS enzyme haying 
the sequence of SEQ ID N03. 

77. A glyphosate-tolerant plant of claim 76 in which the 
structural DNA sequence comprises an EPSPS encoding 
sequence selected from the group consisting of SEQ ID 
NO:2andSEQIDNO:9. 

78. A glyphosate-tolerant plant of claim 77 selected from 
the group consisting of corn, wheat, rice, barley, soybean, 
cotton, sugarbeet, oilseed rape, canola, flax, sunflower, 
potato, tobacco, tomato, alfalfa, poplar, pine, eukalyptus, 
apple, lettuce, peas, lentils, grape and turf grasses. 

79. A seed of a glyphosate-tolerant plant of claim 28. 

80. A seed of a glyphosate-tolerant plant of claim 31. 
8L A seed of a glyphosate-tolerant plant of claim 75. 
81 A seed of a glyphosate-tolerant plant of claim 76. 



13,435 

166 

83. A seed of a glyphosate-tolerant plant of claim 77. 

84. A seed of a glyphosate-tolerant plant of claim 78. 

85. A seed of a glyphosate-tolerant plant of claim 79. 

86. A transgenic soybean plant which contains a heter- 
5 ologous gene which encodes an EPSPS enzyme having a K„ 

for phosphoenolpyruvate (PEP) between 1 and 150 uM and 
a ^(glyphosatey^CPEP) ratio between about 2 and 500, 
said plant exhibiting tolerance to 
io N-pho sph onomethylgly ci n e herbicide at a rate of 1 lb/acre 
without significant yield reduction due to herbicide appli- 
cation. 

87. Seed of a soybean plant of claim 86. 

***** 



